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Abstract: Cellulose is the most abundant form of carbon on the planet. Breakdown of cellulose microfibrils in
the plant cell wall is a means by which microbes gain ingress into their respective hosts. Cellulose degradation
1s also important for global carbon recyeling and is the primary substrate for production of biofuels. In this
study, we developed a cellulase assay method that rivals the commonly used dimtrosalicylic acid (DNS) assay.
Tt was shown that the 2-cyanoacetamide method is capable of detecting D-glucose in a linear fashion, can
function in various buffers at pH ranging from 4.0 to 8.0 and is as sensitive as the DNS test at detecting fungal
cellulase activity using carboxymethyl cellulose as a substrate. This method will be useful to others who desire
to accurately and efficiently assay microbial cellulase activity without the use of phenol and other highly toxic

and corrosive chemicals.
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INTRODUCTION

Cellulose is the most abundant carbohydrate found
in plants that provides structural mtegrity to their cell
walls (Bhat and Bhat, 1997). It 15 composed of a linear
polymer of D-glucose linked by B-1,4 bonds which can be
degraded by the cellulase enzyme complex
(Karnchanatat et al, 2008). The enzyme complex is
composed of endoglucanases which cleave mternal
portions of the cellulose chain followed by
cellobiohydrolases and p-glucosidases which yield
soluble cellodextring and glucose (Wood, 1992
Youssef and Berekaa, 2009). Bacterial and fungal plant
pathogens utilize cellulases to breach the plant cell wall
for nutrient acquisition and colonization (Khan and
Husai, 2006; Walton, 1994).

Biological turnover of cellulose 18 important in carbon
recycling and has received much attention for biofuel
applications (Kilic and Saricicek, 2010; Milala et al., 2009;
Roslan et al., 2011). Cellulases are used i the textile
mdustry for improving softness of fabrics and are also
used in the paper industry (Karnchanatat et al., 2008,
Khajavi et al, 2007). Endoglucanases, a specific
component of the cellulase enzyme complex, are utilized in
beer filtration, o1l extraction, increasing the yield of fruit
juices and improving the nutritional value of baked goods

and ammal feed (Bhat, 2000, Devanathan et af., 2007,
Pinelo et al., 2007, Zakaria et al., 2010).
Spectrophotometric methods previously used to
detect cellulase activity were based on the reducing sugar
method described by Miller (1959) that requires
dinitrosalicylic acid (DN'S), phenol and sodium hydroxide,
which are known carcinogens and highly corrosive. The
main objective of tlis study was to adapt a
spectrophotometric method that is accurate, rapid and
non-toxic for the detection of cellulase activity using
2-cyanoacetamide. We also sought to determine the
effects of different buffer systems and pH on the
detection of D-glucose and compared the modified 2-
cyanoacetamide method with the DNS assay using a
commercial cellulase preparation from Aspergillus niger.

MATERIALS AND METHODS

Detection of D-glucose using 2-cyanoacetamide was
carried out using the method previously described for
D-galacturomc acid by Gross (1982). D-glucose standards
were dissolved in 50 mM sodium acetate buffer pH 5.0 at
5, 25, 50, 100, 200, 400 and 800 mg mL~". Each
concentration was measured m triplicate along with a
corresponding blank. The blank value was subtracted to
adjust for background. One hundred microliters of a
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glucose solution was added to 1 mL of 100 mM borate
pH 9.0 and 200 pL of 1% 2-cyancacetamide. The solution
was mixed by vortexing and then boiled for 10 min.
Samples were cooled to room temperatire and
absorbance at 276 nm was determined using a Shimadzu
spectrophotometer model UV-2501PC  (Shimadzu
Scientific, North America). To test the effect of pH and
buffer composition on the detection of D-glucose using
2-cyanoacetamide, standard solutions of D-glucose were
dissolved 1 50 mM MES (2-(N-morpholino)
ethanesulfonic acid), tris (2-Amino-2-hydroxymethyl-
propane-1,3-diol) or succinate. Each buffer solution was
adjusted to its pKa and therefore succinate was adjusted
topH 4.0, MES at pH 6.0 and Tris at pH 8.0. The standards
were prepared in triplicate and the readings were adjusted
with a corresponding blank.

Detection of D-glucose using the DNS
(dimitrosalicylic acid) method was carried out as
previously described by Miller (1959). D-glucose
standards were prepared in 50 mM sodium acetate buffer
pH 5.0at 5, 25,50, 100, 200, 400 and 800 mg mL ™" and the
reaction was carried out with a reagent composed of:
141.6 ml, water, 1.06 g of DNS and 1.89 g sodium
hydroxide were mixed and then 30.6 g sodium potassium
tartrate, 0.76 mIL phenol solution and 0.83 g of sodium
metabisulfite were added. One hundred microliters of the
sample was mixed with the DNS reagent and was boiled
for 5 min. Samples were cooled to room temperature and
absorbance at 540 nm was determined using a Shimadzu
spectrophotometer model UV-2501PC  (Shimadzu
Scientific, North America).

Determination of cellulase enzyme activity using
CMC as a substrate was carried out using both the
2-cyanoacetamide and the DNS methods for comparison.
A commercial source of cellulase enzyme was prepared
from A. niger (Sigma Aldrich, St. Lows, MO).
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The cellulase preparation was diluted 1:500 in water
and 500 puL of this solution was added to 500 L. of 1%
carboxymethyl cellulose dissolved in 50 mM sodium
acetate buffer pH 5.0. Samples were incubated in a water
bath at 37°C for 0, 20, 40, 60 and 120 min. There were three
samples and a blank for each time pomnt. Samples were
then treated according to the protocols for both methods
outlined above concerning the termination of reactions
and product measurement.

RESULTS AND DISCUSSION

It was shown that the 2-cyanoacetamide method is as
linear as the DNS method with respect to the detection of
D-glucose in solution (Fig. 1a, b). This is expected since
the 2-cyanoacetamide method has previously been shown
to detect other reducing sugars (i.e., galacturonic acid)
which form UV-absorbing products that fluoresce
(Gross, 1982). The 2-cyanoacetamide method does not use
phenol, dimtrosalicylic acid or NaOH and 13 equally
sensitive as the DNS method at detecting D-glucose
(Miller, 1959). Therefore, the modified 2-cyancacetamide
procedure provides an advantage over the DNS method
1n that 1t does not use potential carcinogens and corrosive
chemicals and does not require a fume hood to conduct
the assay.

To determine the effect of pH and buffer composition
on the detection of D-glucose, we constructed standard
curves in three different buffers (MES, succinate and
TRIS) and adjusted them to pH’s ranging from 4 to 8.
These specific buffers were chosen because they are
commonly used to assay enzyme activity including
cellulase (Karmnchanatat et al., 2008). All buffer systems
tested yielded similar results as indicated by R’values of
0.95 that were obtained from linear regressions from each
data set (Fig. 2a-c).
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Fig. 1(a-b): Relationship between D-glucose concentration (5-800 mg L") in 50 mM sodium acetate buffer pH 5.0 and
absorbance using (a) 2-cyanocacetamide and (b) DNS methods, Each point on the line represents absorbance
of samples assayed in triplicate which were adjusted for background. The error bars mdicate the standard

deviation
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Fig. 2(a-c): Relationship between D-glucese concentration (5-800 mg L") in different buffers adjusted from pH 4.0 to

8.0 and absorbance at 276 nm using the 2-cyancacetamide method, (a) D-glucose in 50 mM succinate pH 4.0,
(b) D-glucose in 50 mM MES pH 6.0 and (¢) D-glucose in 50 mM succinate pH 8.0, Each pomt on the line
represents absorbance of samples assayed in triplicate that were adjusted for background, The error bars

mdicate the standard deviation
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Fig. 3(a-b): Comparison of cellulase activity Aspergillus niger cellulase using carboxymethyl cellulose as a substrate at
different time pomts. Detection of reducing sugars using (a) The 2-cyanocacetamide method and (b) The DNS
method, Bars represent the mean values assayed in triplicate that were adjusted for background, The error

bars indicate the standard deviation

Both methods (2-cyanoacetamide and DNS) were
capable of detecting cellulase activity of a commercial
source of enzyme obtamned from Aspergillus niger using
carboxymethyl cellulose (CMC) as a substrate (Fig. 3a, b).
CMC 15 widely used as a substrate to assay cellulase
activity (Arunachalam et al., 2010, Hurst et al., 1977
Parry et al., 2002; Sharrock, 1988). Both methods were
capable of detecting D-glucose liberated from CMC over

40

time. The 2-cyanoacetamide assay detected a linear
increase in D-glucose concentration with increasing
incubation time whereas D-glucose detection using the
DNS assay was variable with prolonged incubation.

The use of the modified 2-cyancacetamide method
to assay cellulase activity, presented in this technical
note, has several advantages over the DNS method.
The 2-cyanoacetamide method can accurately detect
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D-glucose in a linear fashion in various buffer systems
over a wide pH range. The modified 2-cyanoacetamide
method can also accurately assay cellulase activity using
CMC as a substrate with very low sample varability.
Moreover, this assay can be conducted without the use
of a fume hood because the 2-cyanoacetamide method
does mnot 1involve phenol, sodium hydroxide or
dimitrosalicylic acid all of which also require special
handling for disposal. A final advantage of the 2-
cyanoacetamide method is that one can easily detect
other enzyme activities (1.e., polygalacturonase) by simply
changing the substrate in the assay buffer (Gross, 1982).
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